IN A RECENT REVIEW of radiation dose limits for occupationally exposed women, the U.S. National Council for Radiation Protection (NCRP) expressed doubts about all surveys with positive findings for foetal irradiation, on the grounds that similar findings have been reported for other maternal X-rays (NCRP Report (1977) ). This is certainly the case with the Tri-State Study (Graham et al. (1966) ), but so far as the Oxford Survey of Childhood Cancers (OSCC data) is concerned, the only reference to non-pregnancy X-rays is in a very early publication (Stewart et al., 1956) . This 1958 report deals with the pilot stage of the Survey (1953-55 deaths) and includes one table on maternal X-rays before the children were born. According to this analysis there was a sizeable case excess for abdominal exposures in two periods: before marriage, with 44 cases and 26 controls, and during the relevant pregnancy, with 178 cases and 93 controls. Both differences were statistically significant, but during the intervening period (i.e. between marriage and the relevant pregnancy) the bias was in the opposite direction, with 109 cases and 121 controls.
The findings for non-pregnancy X-rays were suggestive of inaccurate dating rather than of genuine differences between cancer cases and live controls. Therefore, although there was better coverage of parental X-rays after publication of the 1958 report than before, it was doubtful whether the Oxford Survey was in a position to test the unlikely hypothesis that exposure of parental gonads to diagnostic X-rays increased the risk of cancer in the next generation. On the other hand, the idea that pre-conception X-rays are in some way connected with childhood cancers has been in circulation ever since the Tri-State Study found that leukaemia risks were increased by a significant amount for children whose parents reported such exposures (Graham et al., 1966) . The Tri-State Study was patterned on the Oxford Survey. Therefore, some test of the disturbing hypothesis was needed if only to indicate that a causal association between foetal irradiation and childhood cancers exists independently of anything that has been claimed for other X-ravs.
DATA SOURCES
The test was based on twvo sets of OSCC data: one dealing with maternal X-rays of 4542 children who died from malignant diseases during the period 1953-60 (cancer cases) and 4511 controls of these cases (Table I) findings (Stewart & Barber, 1962) . Also, 59 32 comparisons between proven and non-proven 24 8 exposures had shown that for these X-rays 2897 2869 the mothers' rapportage was eminently trust-505 444 worthy (Hewitt et al., 1966; Kneale & 757 933 Stewart 1976 Stewart , 1977 For 25 sets of parental X-rays there are risk estimates based on crude data (Table III) . By inspection of these it is immediately obvious that the pre-conception risks are systematically high, irrespective of the site X-rayed, and that postnatal risks are systematically low; whereas taking claims in any period the risks are much closer to the standard 1.0. Therefore, various Mantel-Haenszel analyses (Mantel & Haenszel, 1959) were carried out (Tables IV and V) to test the hypotheses that this curious observation might have arisen either because the chance of X-ray is strongly correlated with paternal age or that some mothers might have systematically under or over-reported all X-rays.
In these analyses the controlling factors were the dates of birth of the child and the parent; the length of the postnatal period; the claims for maternal or paternal X-rays in two periods (both parents), and the claims for foetal irradiation (mothers only). The results of the" controlled analysis are shown separately for X-rays with possible effects on the children (Table IV) and other X-rays (Table V) . Since there were many uninformative strata in the Mantel-Haenszel analysis there were fewer observed cases in these tables than in earlier ones (see Tables I  and II , and the statistical appendix to the paper (Kneale & Stewart, 1976) which contains a detailed description of Mantel-Haenszel procedures as applied to OSCC data). There are also differences between maternal and paternal X-rays because the former includes an "extra" controlling factor (see foetal irradiation in Table I ).
X-rays which might have affected the children For exposures which might have affected the children before they were conceived (or between conception and birth) there were more claimants among cases than controls (Tables I & II) . Most of the difference was due to pregnancy X-rays (716 cases and 432 controls) but for preconception exposures there was a much weaker bias in the same direction (mater- Kneale & Stewart (1976) increase for involvement of parental gonads. According to the Mantel-Haenszel analysis there were no significant differences between observed and expected numbers of cancer cases with records of pre-conception exposures. For maternal X-rays the two figures were 304 and 307 9 (relative risk 0.97) and for paternal X-rays they were 208 and 198-0 (relative risk 1.12). For direct foetal irradiation the differences between observed and expected numbers were highly significant and somewhat greater for proven exposures (420 observed and 334-6 expected) than for unproven ones (68 observed and 52*4 expected). For these exposures the relative risks were 2 14 and 193 respectively. X-rays which could not possibly have affected the children For these exposures the main impression was of inaccurate dating of nonpregnancy X-rays by mothers whose ability to recall whether an X-ray predated or followed a particular pregnancy was influenced by whether the said child was alive or dead. Yet in spite of this bias there was very little evidence that the total number of X-ray claims was influenced by the fate of the children.
Both in the crude analysis and in the Mantel-Haenszel analysis there were diametrically opposite findings for the two periods (Table III and V) . Thus in the earlier period there were more claimants among cases than controls and in the later period there was more involvement of controls than cases. In spite of this difference, maternal X-rays were claimed by 64.4% of cases and 64.0% of controls (Table I) , and paternal X-rays by 69.1% of cases and 69-3% of controls (Table II) . In the Mantel-Haenszel analysis there were more observed than expected cases in the earlier period and fewer observed than expected cases in the later period (Table V) . For 7 of the 10 groups of X-rays in this table the differences were statistically significant and 5 of these were paternal X-rays (or claims by wives on behalf of husbands or ex-husbands).
DISCUSSION
The inclusion of 25 sets of parental X-rays in the present analysis has established a unique position for direct foetal irradiation in the aetiology of childhood cancers. It has also shown how to detect inaccurate dating of X-rays by mothers of live and dead children and other forms of memory bias, and how to cope with the ensuing difficulties.
Where an analysis of retrospective data is undertaken to discover any causal links between pre-conception X-rays and childhood cancers, it is dangerous to restrict the analysis to X-rays with possible effects on the children. Inclusion of other preconception X-rays (as in the 1958 analysis of OSCC data) would be sufficient to recognize a false positive finding, but would not tell one whether this was due to underreporting of X-rays by mothers of live children, or to dating inaccuracies. To draw this distinction one must include in the analysis at least one not-at-risk period. This only requires total recall of nonpregnancy X-rays by informants whose memory of these events need not be independent of the present status of the children. Therefore, surveys which invite this recall but make no attempt to verify abdominal X-rays could be more effective than those which try to verify these exposures but keep no records of parental X-rays after the children are born.
Meanwhile an analysis of OSCC data has provided no support for the idea that exposure of parental gonads to diagnostic X-rays is conducive to cancers in the next generation. The study which led Graham and his associates to postulate such an association was modelled on the Oxford survey. Therefore it should be possible to discover whether memory bias lies at the root of the observations which have caused so much concern to NCRP. But 
